The two-critical point ͑TCP͒ scenario for supercooled water was tested against experimental data with the crossover equation of state ͑CR EOS͒ based on the fundamental results of the fluctuation theory of critical phenomena. The CR EOS predicts a second critical point, CP2, in supercooled water with the parameters T c2 ϭ188 K, c2 ϭ1100 kg•m Ϫ3 , P c2 ϭ230 MPa, and represents the experimental values of the isothermal compressibility in liquid and supercooled water with an average absolute deviation ͑AAD͒ of about 1.7% in the pressure range Pϭ0.1-190 MPa, the liquid densities with an AAD of about 0.1%, and the heat capacity with an AAD of about 1.0% in the temperature range 245 KрTр300 K. The CR EOS also allows calculation of the physical limit of stability in supercooled water-the kinetic spinodal, T KS . At all pressures PϽ190 MPa, the kinetic spinodal calculated with the CR EOS lies below the homogeneous nucleation temperature, T H , thus satisfying a physically obvious condition T KS рT H . We show that the CP2 is always lying in the region where no thermodynamic state is possible-the ''nonthermodynamic habitat'' for supercooled water; therefore, we consider our result as a strong argument for the TCP scenario, but with the unphysical-''virtual,'' rather than real physical, CP2.
I. INTRODUCTION
Although water is the most common and best-studied liquid, the peculiar behavior of its physical properties in the supercooled regime is still a puzzle for investigators, 1 and water remains the most difficult fluid for modeling. As was first observed by Speedy and Angell, 2 at atmospheric pressure various thermodynamic quantities in supercooled water exhibit anomalous behavior and appear to diverge at a temperature T S , that corresponds to the ''absolute'' limit of stability ͑the spinodal͒. Kanno and Angell 3 extended this analysis at the higher pressures up to Pϭ190 MPa. They showed that a variety of available data, indicated by X, where X may be the isothermal compressibility T ϭϪV Ϫ1 ‫ץ/‪V‬ץ(‬ P) T , density , diffusion coefficient D, and viscosity can be fitted to the equation of the form 2 XϭX 0 ͓T/T S ͑ P ͒Ϫ1͔ Ϫ␥ x ϩX b , ͑1.1͒
where X 0 and ␥ x are constants, and X b is a background correction term. At atmospheric pressure Eq. ͑1.1͒ implies a singularity at T S ϭ228 K ͑Ϫ45°C͒, while at higher pressures it is not possible to extract reliable values of both T S and ␥ from experimental data. Their attempts to separate the total compressibility into ''normal'' ͑or background͒ and ''anomalous'' parts suggest that the exponent ␥ is close to unity. A simultaneous fit for T S and ␥ , moreover, gives values for T S that are close, or even higher, than T H , the homogeneous nucleation limit, which is contradictory. Speedy and Angell 2 also proposed a so-called ''stability limit conjecture'' ͑SLC͒ scenario, according to which the stability limits for superheating and supercooling of water may be the observed branches of a continuous line of stability limits P S (T) which, starting from the critical point, first traces the limit of stability of superheated water, then passes through the negative pressure region of the P -T diagram, thus defining the limit of stability for stretched water, and then turns upwards again to positive pressures in supercooled water. Speedy 4,5 applied Eq. ͑1.1͒ for the analysis of the data for the thermal expansivity ␣ P ϭϪV Ϫ1 (‫ץ‬V/‫ץ‬T) P , isothermal compressibility T , adiabatic compressibility S ϭϪV Ϫ1 ‫ץ/‪V‬ץ(‬ P) S , isobaric heat capacity C P , and isochoric heat capacity C V in supercooled 2, 3, 6, 7 water. The spinodal locus estimated by Speedy turns around at the temperature of 303 K ͑30°C͒ and pressure of Ϫ212 MPa, and reaches positive pressures at the temperature of 228 K ͑Ϫ45°C͒. Speedy's thermodynamic analysis has been generalized by Debenedetti and D'Antonio, [8] [9] [10] who have shown by a thermodynamic consistency argument that loss of tensile strength implies density anomalies in the vicinity of the spinodal curve. Assuming that water exhibits a true minimum in the P -T projections of the spinodal curve, they found that the form of the divergence of the isochoric specific heat, isothermal compressibility, and thermal expansivity follows from the nature of the PVT surface in the vicinity of a tensile instability and can be approximated by Eq. ͑1.1͒ with ␥ x ϭ1/2.
Later, the SLC scenario was challenged by a number researches. The mean-field lattice-gas calculations of hydrogen-bonded networks in liquid water carried out by Sasai 11 have shown that there are two different instability curves in the metastable region of water. When the instability curve in the supercooled region is approached, fluctuations with ice-like structure grow anomalously large and liquid water becomes unstable to ice. A different conclusion has been reached by Sastry et al. 12 for the lattice model with water-like properties, who showed that the liquid-gas and liquid-solid spinodals form a continuous locus, but with quite different properties in the different regions. At the liquid-gas spinodal, the liquid state becomes unstable with respect to the gas along a direction of changing density. The derivative of the pressure with respect to density approaches zero at the liquid-gas spinodal. At the liquid-solid spinodal, the liquid becomes unstable with respect to ''crystal ordering;'' this spinodal is therefore not defined by the vanishing of ‫ץ(‬ P/‫)ץ‬ T . While the isobaric heat capacity and compressibility diverge at the liquid-gas spinodal, at the liquidsolid spinodal they remain finite. They showed that the liquid-gas spinodal is reentrant and meets the line of density maxima at the reentrance point, in agreement with the predictions of Speedy, 4, 5 and of D'Antonio and Debenedetti, 9, 10 based on thermodynamic consistency. However, the later studies exposed an inconsistency between the SLC scenario and experimental data in liquid and glassy water [13] [14] [15] [16] [17] and the SLC scenario has been ruled out. 18 A second scenario which was proposed to explain an anomalous behavior of supercooled water is a ''singularityfree'' ͑SF͒ scenario. [19] [20] [21] [22] [23] This scenario also gives a thermodynamically consistent interpretation of the supercooled water's anomalies, but without the retracing spinodal hypothesis. An anomalous increases in isothermal compressibility, heat capacity, and thermal expansion is explained in the SF scenario by the existence in the supercooled water the density maxima locus, which is negatively sloped in the P -T plane. According to this scenario, no phase transition or critical point occurs at low temperatures, and the magnitude of the thermal expansion always remains final upon supercooling. 22 Another, so-called ''two-critical point'' ͑TCP͒ scenario was instigated by high-pressure measurements of Mishima and co-workers 24 -26 who suggested the existence of a liquid-liquid phase transition in the supercooled water. The molecular dynamics simulation results performed by Poole et al. [27] [28] [29] [30] [31] [32] also confirm this conclusion. Poole and co-workers [27] [28] [29] [30] [31] [32] found that the liquid-gas spinodal is a monotonic function of the temperature and thus is nonreentrant even at the temperatures below those at which a temperature of maximum density is observed. The large compressibility in supercooled water is explained by the nearness to the second critical point ͑CP2͒ marking the end of phase coexistence of low-density ͑LDW͒ and high-density ͑HDW͒ water phases. During the last 4 -5 years, several different models and equations of state ͑EOS͒ reproducing the TCP scenario were developed to represent the anomalous behavior of liquid water in the supercooled regime, namely an associating fluid model by Truskett and co-workers, 18 a new analytic EOS by Jeffery and Austin, 33 and a two-level thermodynamic model by Ponyatovsky et al. 34, 35 All these classical, or mean-field models predict a negative slope of the LDW-HDW binodal locus (dP/dT) sat Ͻ0; however, they give drastically different predictions of the position of the CP2 in the P -T plane: P c2 ϭ370 MPa, T c2 ϭ167 K in Ref. 18 , P c2 ϭ95.4 MPa, T c2 ϭ228.3 K in Ref. 33 , and P c2 ϭ17.3 MPa, T c2 ϭ230 K in Ref. 35 . In the interpretation proposed by Tanaka, 36, 37 the second critical point was even moved into the negative-pressure region at pressures between 0 and Ϫ200 MPa. Thus, at the present time there are different, and even alternative, scenarios of the behavior of supercooled water and it is not clear which of them is correct.
From the other hand, as was shown by Patashinskii and Shumilo 38, 39 from the fluctuation theory of relaxation of metastable states, the physical boundary of metastable states is determined from the condition that the lifetime of the metastable phase t M is of the same order as a relaxation time in the homogeneous state t R . In the vicinity of the thermodynamic spinodal t M Ӷt R , therefore, the very concept of a ''homogeneous'' state loses its meaning and the thermodynamic spinodal is experimentally unattainable. This region corresponds to the so-called ''nonthermodynamic habitat'' for supercooled liquid. 40 Calculations of the physical ͑ki-netic͒ boundary of metastable states in supercooled water 40, 41 show that the second critical point and the LDW-HDW coexistence curve always lie inside the nonthermodynamic habitat region, and, rigorously speaking, they have no physical meaning. Nevertheless, the conception of the second ''virtual critical point'' can be useful if it yields an accurate and physically self-consistent representation of all thermodynamic properties of supercooled water outside the nonthermodynamic habitat region created by this virtual critical point itself.
In this work, we test the TCP scenario with a phenomenological crossover model developed earlier by Kiselev et al. 42, 43 to represent the thermodynamic surface of fluids in the critical region. This model, based on the fundamental results of the renormalization-group theory, gives an accurate representation of the thermodynamic surface of pure fluids [43] [44] [45] and binary mixtures, [45] [46] [47] [48] [49] including pure H 2 O and D 2 O and their binary mixtures, 50, 51 in a wide range of the parameters of state near the vapor-liquid critical point. Here, we apply this model to the analysis of experimental data in supercooled water. We proceed as follows. In Sec. II we review the major concepts of the modern theory of critical phenomena and describe a phenomenological crossover model for pure fluids. An application of the model to the description of the thermodynamic surface of supercooled water is presented in Sec. III, and we discuss the results in Sec. IV.
II. CROSSOVER FREE-ENERGY IN THE CRITICAL REGION
The classical approach to the study of critical phenomena has been developed by Landau. 52 The Landau, or meanfield theory is based on the introduction of an order parameter ⌬ which is zero in the more symmetric ͑disordered͒ phase and nonzero in the less symmetric ͑ordered͒ phase. 52, 53 The free energy of the system in the Landau theory is represented in the form
where ⌬Ā is the critical part of the dimensionless Helmholtz free-energy density Ā ϭA/ c RT c , while the background contributions 0 (T) and Ā 0 (T) are analytic functions of temperature. The main assumption of the classical theory of critical phenomena is that the critical part of the free energy, ⌬Ā , can be represented by a Taylor expansion in powers of the order parameter
where ϭT/T c Ϫ1 is the dimensionless deviation of the temperature T from the critical temperature T c , and â i j are the system-dependent coefficients. In the critical region ͉͉Ӷ1 and ͉⌬͉Ӷ1; therefore, one can retain in expansion ͑2.2͒ the two main terms
that correspond to the Landau theory of critical phenomena. 52 For one-component fluids the dimensionless deviation of the density from the critical density c can be chosen as the order parameter, ⌬ϭ⌬ϭ/ c Ϫ1. The dimensionless chemical potential ⌬ ϭ(‫⌬(ץ‬Ā ‫)⌬ץ/)‬ , conjugate to the order parameter ⌬, plays the role of the ordering field. From the condition ⌬ ϭ0 at р0, the equilibrium value of the order parameter on the coexistence curve ⌬ cxs ϰ͉͉ 1/2 . At Ͼ0 the condition ⌬ ϭ0 corresponds to the condition ⌬ϭ0, and the susceptibility ‫⌬ץ/⌬ץ(‪ϭ‬‬ ) ϰ Ϫ1 . The specific heat C V ϭϪ(‫ץ‬ 2 Ā ‫ץ/‬ 2 ) remains constant at the critical point and exhibits a finite jump upon crossing the critical temperature 52 at the critical isochore. Thus, for the Landau ͑or mean-field͒ theory, the critical exponents are
.3͒ corresponds to an Ising-type system, symmetric with respect to the transformation ⌬→Ϫ⌬, ⌬→Ϫ⌬. Fluids exhibit this symmetry only in an extremely small range of temperatures and densities around the critical point. 54 -60 The first asymmetric term ϰ(⌬) 3 , which destroys the symmetry of Eq. ͑2.3͒, can be effectively taken into account by a redefinition of the order parameter
where d 1 is the rectilinear diameter amplitude. It is a socalled ''trivial'' account of the asymmetry, 52, 53 which is by itself not sufficient to describe the actual thermodynamic behavior of real fluids because of the long-scale fluctuations in the order parameter observed in the critical region.
The Landau theory is valid only in the temperature region GiӶ͉͉Ӷ1, where the long-scale fluctuations in the order parameter are negligible. 52, 53 Here, Giϰ(l/l 0 ) 6 is the Ginzburg number, l is an average distance between particles, and l 0 is an effective average radius of the interaction between molecules. The intensity of the fluctuations diverges at the critical point and, as a consequence, at temperatures ͉͉ӶGi, the singular part of the thermodynamic potential of a system becomes a nonanalytical scaling function of the temperature and the order parameter ⌬. In this case, the critical part of the free energy can be represented in the form of a Wegner expansion for three-dimensional Ising-type systems 62, 63 ⌬Ā ͑ ,⌬͒ϭk
where f i (⌬/͉͉ ␤ ) are universal scaled functions, ␤ϭ0.325, ␣ϭ0.11, and ⌬ 1 ϭ0.51 are the nonclassical critical exponents, 59, 61 and k, ā , and c i are the critical amplitudes. At temperatures ͉͉ϷG, a crossover from the nonanalytical Wegner expansion ͑2.6͒ to the classical Landau expansion ͑2.3͒ takes place.
A phenomenological procedure for dealing with the crossover behavior of the Helmholtz free energy density has been proposed by Kiselev et al. 42, 43 The crossover expression for the critical part of the Helmholtz free energy in this approach is represented in parametric form 42, 43, 45 
where b 2 is a universal linear-model parameter, and k, d 1 , a, and c i are system-dependent coefficients. The scaled functions ⌿ i () are universal analytic ͑even for iϭ0 -2, or odd for iϭ3 -5͒ functions of the parametric variable as specified in Table I , and the values of all universal constants in Eqs. ͑2.7͒-͑2.9͒ are listed in Table II. The crossover function R(q) in Eqs. ͑2.7͒-͑2.9͒ is defined by the expression
͑2.10͒
where the crossover variable q is related to the parametric variable r by
where gϭGi Ϫ1 is the inverse Ginzburg number. The first three terms on the right side of Eq. ͑2.7͒ correspond to the asymptotic (iϭ0), and first and second correction terms (i ϭ1,2) in the Wegner expansion ͑2.6͒. The next two asym- 
metric terms ͑iϭ3 and iϭ4͒ are equivalent to a ''mixing'' of the thermodynamic variables, 57, 64 and the last term in Eq. ͑2.7͒ (iϭ5) corresponds to the additional asymmetric term ϰ⌬ 5 in the effective Hamiltonian of the system. 65, 66 For large values of the variable q at ͉͉ӷGi, the crossover function R(q) modifies each term in Eq. ͑2.6͒ so they all become analytic, and Eq. ͑2.6͒ is transformed into the Landau expansion ͑2.3͒ with additional asymmetric terms ϰ⌬ 3 and ⌬
5
corresponding to the terms with jϭ3 and jϭ5 in Eq. ͑2.2͒. The parametric crossover model as given by Eqs. ͑2.7͒-͑2.10͒ was successfully applied to the description of the thermodynamic surface of pure H 2 O and D 2 O in the extended critical region near the vapor-liquid critical point. 50, 51 As was demonstrated in our previous publications, 44, 67 near the vapor-liquid critical point the parametric crossover model is physically equivalent to the six-term crossover model developed by Sengers and co-workers. 68 -70 This equivalence was recently also confirmed by a direct comparison of these two models for pure H 2 O and D 2 O.
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III. CROSSOVER EOS FOR SUPERCOOLED WATER
In order to apply the parametric crossover model to real systems, one needs first to specify the background contributions in Eq. ͑2.1͒. Here, following Kiselev et al. [45] [46] [47] [48] [49] [50] [51] we represent the analytic functions 0 (T) and Ā 0 (T) by truncated Taylor expansions
where Z c ϭ P c / c RT c is the critical compressibility. The parametric crossover ͑CR͒ EOS in this case is completely specified by Eqs. ͑2.7͒-͑3.1͒ and contains the following universal constants: the critical exponents ␣, ␤, ⌬ i , and ⌬ i , and the linear-model parameter b 2 . In addition, the parametric CR EOS also contains the following system-dependent constants: critical parameters T c , c , and P c , the rescaled asymptotic critical amplitude k of the coexistence curve, the amplitude a of the asymptotic term and amplitudes c i (i ϭ1 -5) of the nonasymptotic terms in the Wegner expansion, the inverse rescaled Ginzburg number g, and the coefficients m j and A j in the background contributions. The co- 42, 43, 45 therefore, we further set c 5 ϵ0. All other system-dependent constants for supercooled water have been found from a fit of the CR EOS to experimental data. The critical parameters of the vapor-liquid critical point are usually determined from the independent analysis of the vapor-pressure and vapor-liquid equilibrium data in the critical region. For the second virtual critical point these data in principle cannot be obtained. Therefore, the major challenge in the optimization of the CR EOS for supercooled water was a determination of the critical parameters of the CP2. Here, we found these parameters in two steps.
The coefficients m j in Eq. ͑3.1͒ determine the background contributions into the entropy SϭϪ(‫ץ‬A/‫ץ‬T) and isochoric heat capacity C V ϭT(‫ץ‬S/‫ץ‬T) along the critical isochore and are not irrelevant for the volumetric properties. On the first step, the coefficients m j ( jϭ1 -3) were also set equal to zero, while the critical parameters T c2 , c2 , and P c2 , and coefficients k, a, c i , g, and A j we found from a fit of the CR EOS to the experimental T data obtained by Speedy and Angell 4,5 at pressures Pϭ0.1-190 MPa and experimental density data obtained by Zheleznyi 6 and by Hare and Sorensen 72 in the stable and metastable regions at P ϭ0.1 MPa and temperatures up to Tϭ300 K. It appeared that these data alone were not enough for an adequate determination of the T c2 , c2 , and P c2 ; therefore, we also used the density data generated with the IAPWS-95 formulation.
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As pointed out in an IAPWS release, 73 this formulation represents all available experimental data for water within experimental accuracy and is recommended for the representation of the thermodynamic surface of water as the most accurate. Here, in order to avoid a misinterpretation of the real experimental data for supercooled water, we used the IAPWS-95 formulation 73 only for the generation of data along the melting curve, TϭT m , and in the stable region at temperatures T m рTр300 and pressures Pϭ10, 50, 100, 150, and 190 MPa. We found that even with these data there are still relatively large uncertainties in determination of the critical parameters of the CP2, especially for P c2 , for which the uncertainty is about 10%-15%. As was pointed out in out previous works, 40 ,41 the CP2 always lies in the nonthermodynamic habitat and physically does not exist. The primary reason why we consider it here is that the TCS in combination with the parametric crossover model yields a physically self-consistent description of all thermodynamic properties of supercooled water in the experimentally attainable region, i.e., out of the nonthermodynamic habitat created by this critical point itself. Therefore, an accurate determination of the position of the CP2 is not possible in principle, and because of that is not very important itself. Actually, we found that with different values of T c2 , c2 , and P c2 , the CR EOS is capable to reproduce the experimental data in supercooled water practically with the same accuracy, but with quite different values of the parameters k, a, c i , g, and A j . Our best estimates for the critical parameters of the second critical point obtained with CR EOS are 
On the second step, we fixed the critical parameters at values given by Eq. ͑3.2͒, while all other system-dependent coefficients, including the background coefficients m j , we found from a fit to the CR EOS the volumetric experimental data used at the first step 4 -6,72 and, in addition, the heat capacity data for supercooled water obtained by Angell and co-workers 74, 75 and by Archer and Carter. 76 The values of all system-dependent parameters of the parametric crossover EOS for supercooled water, CREOS-01, are listed in Table  III and comparison with experimental data is shown in Figs.  1-3 . The CREOS-01 represents the experimental values of the isothermal compressibility T in liquid and supercooled water with an average absolute deviation ͑AAD͒ of about 1.7% (nϭ110) in the entire pressure range P ϭ0.1-190 MPa, the liquid densities with an AAD of about 0.1% (nϭ35), and the heat capacity with an AAD of about 1.0% (nϭ42) in the temperature range 245 KрTр300 K, which approximately corresponds to the accuracy achieved for supercooled water with the IAPWS-95 formulation.
IV. DISCUSSION
In the present work, the two-critical-point scenario was tested against experimental data in the supercooled water with the crossover equation of state based on the fundamental results of the fluctuation theory of critical phenomena and second-order phase transitions. The crossover equation of state for supercooled water, CREOS-01, developed in this work, predicts a second critical point, CP2, in the supercooled water, reproduces all reliable experimental data with an experimental accuracy, and matches the IAPWS-95 formulation 73 at the melting curve and in the stable region at temperatures up to 300 K. A phase diagram of supercooled water, calculated with the CREOS-01 and with the NA EOS of Jeffery and Austin, 33 is shown in Fig. 4 . A principal difference between the phase diagram calculated with the CREOS-01 and NA EOS of Jeffery and Austin 33 is that in this model the slope of the binodal locus always remains negative, while the CREOS-91 predicts a reentrant binodal locus for the LDW-HDW equilibrium. At low temperatures, TϽ178 K ͉͉͑Ͼ0.05͒, CREOS-01, similar to NA EOS of Jeffery and Austin 33 and all other classical models, 18,34 -37 predicts a negative slope for the LDW-HDW binodal ͑see the dotted curve in Fig. 4͒ (dP/dT) sat Ͻ0. However, as the CP2 approaches, the slope of the binodal locus is changed, and similar to the liquid-vapor binodal near the CP1, in the asymptotic region near the CP2, ͉͉Ͻ0.05, because of the fluctuations it becomes positive again (dP/dT) CP2 Ͼ0. This reentrant binodal-locus scenario does not depend on the particular values of the critical parameters used for the CP2, and is a general feature of the LDW-HDW equilibrium locus calculated with the crossover model. The reentrance point corresponds to the dimensionless temperatures ͉ r ͉ Ϸ0.05-0.06, which is also physically consistent with the definition of the Ginzburg number: the fluctuations become relevant at temperatures ͉ r ͉ϽGiϭg Ϫ1 Х0.1. According to an IAPWS release, 73 the IAPWS formulation 73 represents the available experimental data of supercooled water to within the experimental uncertainty and behaves reasonably when extrapolated into the metastable region. As we mentioned above, the CREOS-01 and IAPWS-95 formulation 73 describe experimental data in supercooled water approximately with the same accuracy. Therefore, it is interesting to provide a direct comparison of the predictions for supercooled water made with these two models in the region where no experimental data are available. As one can see in Figs. 2 and 3 , some quantitative difference between the CREOS-01 and IAPWS-95 formulation 73 appears at their extrapolation into the lowtemperature region, where some discrepancy between specific heat data of Angell and co-workers 74, 75 and of Archer and Carter 76 is observed. At lower temperatures, TϽ245 K, the CREOS-01 with a high accuracy reproduces the later experimental data by Angell and co-workers, 75 while the IAPWS-95 formulation 73 following a lowest-temperature data point of earlier measurements of Angell et al., 74 exhibits a sharp increase in the isobaric heat capacity at T Х234.4 K. There is also a qualitative difference in the description of the isochoric heat capacities shown in Fig. 3 . The IAPWS-95 formulation 73 yields for the C V a convex curve, which passing through the maximum at TХ260 K interrupts at TХ234.4 K, while the values of the C V calculated with the CREOS-91 exhibit a minimum at TХ255 K and monotonically increase as the temperature decreases to Tϭ170 K. This discrepancy between the multiparameter empirical IAPWS-95 formulation 73 and CREOS-91 is a direct consequence of the TCP scenario employed in this work.
Comparison of the values of the isothermal compressibility T and the thermal expansivity ␣ P ϭϪV Ϫ1 (‫ץ‬V/‫ץ‬T) P at atmospheric pressure ( Pϭ0.1 MPa), calculated in liquid and supercooled water with the CREOS-01 with experimental data and values calculated with other models, is shown in Fig. 5 . The empty squares in Fig. 5 correspond to the smoothed values obtained by Speedy from the SLC-scenario model optimized to the experimental density data of Hare and Sorensen, 72 and the crossed squares represent the extrapolated values into regions where no experimental -T data were used. As one can see, unlike the predictions of the IAPWS-95 formulation, 73 which interrupt at TХ234.4 K ͑dashed curves in Fig. 5͒ , and the SLC model of Speedy, 5 which diverge at Tϭ228 K ͑squares in Fig. 5͒ , the values calculated with the CREOS-01 remain continuous and final in the entire temperature range 170 KрTр300 K. We note that no ␣ P -data shown in Fig. 5 have been used for the optimization of the CREOS-9. Therefore, excellent agreement between the values of ␣ P calculated with the CREOS-01 and all ␣ P -data in the region where they do not contradict each other, attests to the thermodynamic self-consistency of the crossover model. Unlike the IAPWS-95 formulation, 73 which cannot be extrapolated into the metastable region beyond the region where experimental data were used for its optimization, the CREOS-01 predicts a continuous behavior of all thermodynamic properties in supercooled water down to TӍ170 K.
Another very efficient test of the physical selfconsistency of an equation of state is a test on the prediction of the physical limit of stability in metastable liquids. 40,41,60,78 -80 In supercooled liquids, the physical limit of stability, the kinetic spinodal T KS , is determined as a solution of the equation 40, 41 
where k B is Boltzmann constant, tr is the density of liquid in the triple point, the dimensionless derivatives of the chemical potential, ϭ(‫ץ‬A/‫)ץ‬ T , are given by
͑4.2͒
and the nucleation barrier, W min , and critical radius of the nucleus, r c , read
ͪ .
͑4.4͒
In Eqs. ͑4.3͒ and ͑4.4͒, 0 is the surface tension at the planar solid-liquid interface, ␦ T is the Tolman length which takes
into account a curvature effect on the surface tension, 81 and the critical radius r c 0 is given by
where v S * is the molar volume of solid at melting temperature T m and ⌬h is the molar enthalpy of fusion. 83 and the ice density and heat of fusion were calculated with the vapor-pressure formulation for ice developed by Wexler. 84 The results of our calculations for the kinetic spinodal performed with CREOS-01 and IAPWS-95 formulation 73 with ␦ T ϭϪ0.2 nm, which are a good estimate for the supercooled water, 41 are shown in Fig.  6 . The light-shaded area in Fig. 6 corresponds to the socalled ''no-man's land,'' i.e., the region with short-lived but still thermodynamic states, 26 while the dark-shaded area marks the nonthermodynamic habitat, where no thermodynamic state for supercooled water is possible. As one can see, contrary to the IAPWS-95 formulation, 73 the kinetic spinodal calculated with the CREOS-01 at pressures PϽ190 MPa satisfies the physically obvious condition T KS рT H , and is physically consistent with the homogeneous nucleation temperatures T H obtained in supercooled water by Angell and co-workers. 2, 3 Only at Pϭ190 MPa, where the IAPWS-95 formulation 73 failed to calculate the kinetic spinodal at all, the CREOS-01 gives T KS ϭ190.3 K, which is slightly higher than the homogeneous nucleation limit T H ϭ186.2 K obtained by Kanno and Angell. 3 This discrepancy can be a result of the ''illegal'' extrapolation of the CREOS-01 model into the high-pressure-low-temperature region with the parameters obtained from the analysis of the experimental data only in the low-pressure-high-temperature region. It also does not allow us to use the CREOS-01 for the prediction of a second kinetic spinodal T KS2 , which determines the upper limit for ultraviscous, or glassy water T g max . 40, 41 However, even in this case, a difference ⌬TϭT KS ϪT H Ӎ6 K is relatively small, and, taking into account a physical uncertainty in the definition of the kinetic spinodal, 41 we can conclude that the two-critical-point scenario in combination with the new parametric crossover model, CREOS-01, yields qualitatively and quantitatively a self-consistent representation of the kinetic spinodal and all thermodynamic properties in supercooled water. We are not aware of any other model, theoretical or empirical, which is capable of representing the thermodynamic surface of supercooled water with the same degree of accuracy and physical self-consistency. Therefore, we consider our result as a strong argument for the TCP scenario. In order to extend this approach to lower temperatures and give an accurate prediction of the upper glasstransition temperature T g max , a generalized crossover procedure should be applied to a classical equation of state for supercooled water near the CP2, similar done to the cubic 85 and SAFT EOS for simple 86, 87 and associating 88, 89 fluids near the vapor-liquid critical point.
